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Abstract—Post-secondary education persistence is the
likelihood of a student remaining in post-secondary edu-
cation. Although statistics show that post-secondary per-
sistence for deaf students has increased recently, there are
still many obstacles obstructing students from completing
their post-secondary degree goals. Therefore, increasing
the persistence rate is crucial to increase education and
work goals for deaf students. In this work, we present
an agent-based model using NetLogo software for the
persistence phenomena of deaf students. We consider four
non-cognitive factors: having clear goals, social integration,
social skills, and academic experience, which influence the
departure decision of deaf students. Progress and results
of this work suggest that agent-based modeling approaches
promise to give better understanding of what will increase
persistence.
Index Terms—Agent-based modeling, deaf students,
deaf education, post-secondary persistence, modeling and
simulation, NetLogo
I. INTRODUCTION
Post-secondary persistence refers to the likeli-
hood of student retention in post-secondary ed-
ucation (e.g., university, collage), especially after
the first year of enrollment. Since retention in
post-secondary education affects college students in
many different aspects [1], it has received consider-
able attention in the last five decades [2]. Students’
retention, program completion, and graduation, ad-
vances the overall quality of life for people with and
without disabilities [3]. Students with disabilities
may have sensory, mobility, mental, emotional or
cognitive disabilities. Because of these disabilities,
disabled students often encounter more barriers than
other students and they complete post-secondary
education at lower rates [4].
Deafness or severe hearing impairment is consid-
ered as a kind of sensory impairment and a disability
[5]. Compared to the general student population,
deaf students find the transition to post-secondary
setting more problematic [6], [7]. Based on the
National Deaf Center’s (NDC) most recent report,
about 1.3% of all currently enrolled college students
are deaf [8]. Although post-secondary enrollment
rates for deaf people have increased since the 1980s,
the completion degree college rate is still fewer
than their hearing peers [9]. These statistics show
that there are many deaf students who face obsta-
cles preventing them from completing their post-
secondary degree goals. Therefore, increasing the
persistence rate in these students plays an integral
role in increasing education and work goals of deaf
students.
Much research has been conducted to identify
and study factors affecting the post-secondary en-
rollment, persistence, completion, and graduation
rates for deaf students [1], [10]–[15], [34]. These
studies show that cognitive factors such as academic
preparation and English literacy are the important in
post-secondary enrollment and success rate predic-
tions of deaf students [5], but not for completion
or graduation. These findings indicate that deaf
students with adequate academic skills are still
likely to drop out of college [16]. Hence, after deaf
students enrol; in a post-secondary institution, other
factors such as personal and non-cognitive factors
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are considered as stronger predictors for academic
persistence and graduation rates [17]–[20]. Some
important non-cognitive factors influencing post-
secondary persistent of deaf students are considered
as academic experience, social integration, social
skills, and clear goals and strategies.
Positive academic experiences such as having
informal mentorship from faculty, participating in
college activities outside of class, and collaborating
with academic advisor, as well as high levels of
social integration, such as being satisfied with social
experience and having the ability to adjust socially,
have a direct influence on students who persist post-
secondary education [4], [21]. Another important
non-cognitive factor is social skills which include
a high level of involvement in social activities, and
the ability to perceive social situations and respond
to the behaviors of others [11], [22]. Last but not
least, having clear goals and strategies helps deaf
students to have self-confidence and the desire to
overcome post-secondary barriers [23].
Agent-based modeling (ABM) is a computational
method that allows us to create, analyze, and model
a system composed of autonomous decision-making
artificial entities called agents [24]. ABMs are usu-
ally used in cases of modeling real-world phenom-
ena that need more generalized models which can
adapt to our world. ABMs can be coupled with other
well developing methods such as machine learning
–an area of artificial intelligence that attracted at-
tentions in various fields of research such as cyber
security [25] and computer vision [26]– to alter and
enhance the way we analyze all different kinds of
data.
An agent in ABM is an artificial autonomous
individual who has properties, actions, and goals,
which enables it to assess situations and make
decisions based on defined rules [27]. In ABMs,
agents may have interactions with themselves, other
agents, and/or environments that permits us to ex-
ecute and study how rules of agent behavior give
rise to the emergence of macro-phenomena as the
simulation output [28]. This capability of ABMs in
capturing emergent macro-phenomena, along with
other benefits in providing a natural description of
a system and flexibility, has made them a popular
modeling approach in various fields of research [29].
Deaf student post-secondary persistence is af-
fected by various factors which if modified, can
lead to a better life by providing the necessary
boost for education and employment goals [1],
[10], [34]. Such important phenomena can be best
understood by using a bottom-up approach; ABM.
Despite previously conducted research which iden-
tified non-cognitive factors influencing the post-
secondary persistence of deaf students, interactions
between these factors and their influence in pre-
dicting the persistence and graduation rate is still
a barely explored field of research. In this work,
we present an agent-based computational model for
post-secondary persistence of deaf students with
the goal of studying the effects of non-cognitive
factors in post-secondary persistence. Based on the
literature, academic experience, social integration,
social skill, and clear goals and strategies described
before are considered as four non-cognitive factors
influencing post-secondary persistence for deaf stu-
dents. To the best of our knowledge, this is the first
agent-based modeling simulation for measuring the
influence of non-cognitive factor on post-secondary
persistence in deaf students. The contributions of
this work include presenting the first agent-based
modeling simulation of the effects of non-cognitive
factors in deaf student post-secondary persistence
rate.
II. METHODOLOGY
Among several student retention models, the one
presented by Tinto [30], [31] is held in high regard
and is the most cited model [2], [32]. Tinto’s
model, shown in Figure 1, provides a heuristic
and theoretical framework for understanding student
behaviour while describing the factors influencing
the persistence process. With some modifications,
this model can be applied to deaf college students
as well [1], [10]. According to this theory, a com-
bination of student characteristics and academical,
environmental, and social integration in an institu-
tion influence the student’s departure decision. To
create our model, we use the theoretical model of
Tinto [31]. By only considering the influence of four
non-cognitive factors (academic experience, social
integration, social skill, and clear goals) on Tinto’s
model, we created a new simplified framework as
shown in Figure2. This figure shows the diagram
of four non-cognitive factors influencing student
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departure decision utilizing the same relations as
Tinto’s model (Figure1). In this work, this theo-
retical framework is used to create the ABM and
measure the probability of the departure decision of
a student.
Our proposed ABM model involves two cate-
gories of actors: teachers and deaf agents. Deaf
agents are members of the general population who
have graduated from secondary school and are capa-
ble of attending post-secondary education regardless
of their age. While teachers stay at college during
college years (runs of the model), deaf agents can
decide whether to attend college or not. The speci-
fications, attributes, and behavioral rules of teachers
and deaf agents during the SETUP and RUN phases
of the ABM are as follows;
SETUP Specifications. In order to setup the
model, the user sets exogenous parameters of the
total number of agents available in the model
(called ”num agents”), fraction of teachers (called
”frac teachers”), and college attendance percentage
of deaf students (called ”College Attendance”). The
total number of agents will show the sum of teachers
and deaf agents. To show the mathematical equa-
tions, the total number of teachers and deaf agents
is equal to:
num teachers = num agents ∗ frac teachers
num deaf agents = num agents− num teachers
In the model settings, academic experience, social
integration, social skill, and clear goals are named
as Academic Experience, Social Integration, So-
cial Skill, and Goal, respectively. Clear goals and
social skill factors are considered to be exoge-
nous and heterogeneous across agents. Lacking real-
world data, each agent’s value for the two exoge-
nous factors are considered to have the uniform
distribution on the interval of (0,1); U(0, 1). Setting
the value of 0 for each of these factors show the
lowest level of the factor. As the value increases,
the level of having that positive factor increases,
while ”1” is the highest level of the factor.
On the other hand, the other two factors, aca-
demic experience and social integration, (which are
usually dependent to connections and interactions
with others, such as teachers and other students
at the college), are considered to be derived from
a multiplication of the initial value of the factor
that the user sets and the number of the links
(connections) with others that a student create at
college.
There are two locations in our ABM screen:
college, and residential. College is an institution
that deaf agents can attend to pursue their post-
secondary education. College is located at the mid-
dle of the screen and is colored in blue with
a thick black line around outside edges. On the
other hand, residential locations can be any other
kind of location in which deaf people cannot have
post-secondary education. Residential locations are
represented by the white color surrounding the col-
lege. Figure 3a shows both college and residential
locations. When the model starts, only teachers are
located at the college; all deaf agents are randomly
located in one of the empty spaces of the residential
locations. Figure 3a shows the setup screen of the
proposed ABM. In Figure 3a, deaf agents are shown
as green human shapes located at white residential
locations while teachers are shown as green stars
located randomly in the college.
RUN Specifications. To begin each run of the
model, the user sets the initial number of agents,
fraction of teachers, and the college attendance per-
centage as well as the initial values of the four non-
cognitive factor variables. The model runs based
on ticks (i.e,., each run ticks the model once). For
simplification, in this work we only consider 4-
year colleges or university programs (that we call
”college” at the rest of this manuscript) for post-
secondary education. Therefore, model runs for the
total of four ticks to achieve the end of the fourth
year at college. At the end of the fourth year,
students graduate and leave the college.
The deaf agents can only decide whether to attend
college or not in the first tick (that is, the first
year). If they do, they move to one of empty spots
at the college location and their color changes to
yellow. Otherwise, they will remain at residential
locations without any color change. We call the
attended college agents ”students”. Students are deaf
agents who not only attended college, but also are
still persisting at college at the end of each tick (i.e.,
year). If attended agents decide to depart college
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Fig. 1: A conceptual diagram for dropout from college presented by [30]
Fig. 2: Diagram of four non-cognitive factors effecting student’s departure decision based on Tinto’s
dropout from college model
during a tick, they move out of the college and
move to a random spot in the residential locations.
These agents who attended college but departed
it are called ”quitters”. Quitters are shown as red
human shapes located at residential locations. For
simplicity, we assume that if students depart college,
they do not attend it again.
In the second, third, and fourth ticks of the model,
students can only decide whether to depart college
or not. Just as in the first run, if they decide
to depart, they will leave college and locate to a
random spot of the residential locations. Their color
will also turn to red. The screen of the model after
running two ticks is shown in Figure 3b.
During college years, students can randomly cre-
ate links or connections (shown with gray lines in
Figure 3b and 3c) with teachers or other students at
the college. The total number of these links are used
to adjust and update the level of social integration
and academic experience factors of the student. The
number of links that a student creates with teachers
and other students will be used to evaluate the level
of the academic experience and social integration
factors of the student, respectively. The more links,
the higher the level of the factor. The number of
links that each student creates with other teachers
and students can vary between zero to three and zero
to eight, respectively. The minimum value of both
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(a) Setup screen of the student retention ABM. The blue square
in the middle of the screen with a thick black edge shows the
college. White locations surrounding the college are considered
residential locations. The green human shapes on the residential
locations and the green stars at college represent deaf agents and
the teachers, respectively.
(b) Screen of the student retention ABM while running the
model. As soon as deaf agents attend college at the first tick
(year), their color changes to yellow and they will be called
students. If students quit the college, their color turns to red
and they will leave college and move into a random location
on the residential locations. The gray lines connecting agents
show the created links of each student with teachers and other
students.
(c) Screen of the student retention ABM after four ticks. At the
end of the fourth year, students will graduate. By graduating,
their color will turn to blue and they will move into one of the
residential locations (leave college).
Fig. 3: Exemplary visualizations of the proposed NetLogo model at setup, after two ticks, and after four
ticks of running the model.
5
TABLE I: Input assumptions for all runs and experiments. Factors values changes with steps of 0.1 in
the interval of (0.1,1).
factor influence num agents college attendance repetitions goal academic experience social skill social integration
goal 200 87.2 10 (0.1,1) 0.5 0.5 0.5
academic experience 200 87.2 10 0.5 (0.1,1) 0.5 0.5
social skill 200 87.2 10 0.5 0.5 (0.1,1) 0.5
social integration 200 87.2 10 0.5 0.5 0.5 (0.1,1)
(a) Goal factor (b) Academic experience factor
(c) Social skill factor (d) Social integration factor
Fig. 4: Results of behavior space experiment for four non-cognitive factors of goal, academic experience,
social skill, and social integration. Each graph shows the result of behavior search for one factor changing
in an interval of (0,1) with steps of 0.1. To run the experiment for one factor, all other three factors are
considered to have a value of 0.5.
social integration and academic experience of each
student is considered to be 0.2. Each created link
with other students add 0.1 to the minimum value of
a student’s social integration. Similarly, each created
connection with a teacher at the college adds 0.1
to the minimum value of the student’s academic
experience factor.
Similar to the first three ticks, during the fourth
tick of the model, students can still persist in
college. If they do, they have finished four years
of college and therefore, they have completed the
program have graduated. These students are called
”graduates”. Graduates, whose color change to blue,
depart college at the end of the fourth year and move
to one of the empty spots at the residential locations.
Figure 3c shows the model screen after the fourth
tick.
III. RESULTS
The implementation of this work is done us-
ing NetLogo 6.1.1 [33]. The results of replicating,
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(a) Number of graduated students based on different
levels of one factor while fixing the other factors.
(b) Number of departed students based on different levels
of one factor while fixing the other factors.
Fig. 5: Number of graduated and departed students based on different levels of one factor while fixing
the other factors to the level of 0.5 during four years of post-secondary education.
repeating, and reproducing the results, with input
assumptions for all runs are provided in Table I.
We performed four experiments using the be-
havior search tool of NetLogo to find the influ-
ence of each factor on the college persistence of
deaf students for years one, two, three, and four.
Persistence of four years at college is considered
as graduating from college and receiving a 4-year
college degree. In order to run each experiment, we
considered one non-cognitive factor value changing
in an interval of (0,1) with steps of 0.1 while the
values of the other three factors are fixed at 0.5.
The results of these four experiments are shown in
Figure 4. As the figure shows, although increasing
the level of a factor increases the persistence of stu-
dents at post-secondary education, these four non-
cognitive factors’ impacts vary from one to another.
In addition, as all four figures show, the black line
showing the number of students who persisted one
year at college is further away from the other lines
for students who persisted two or more years at
college. This shows that the majority of students
depart post-secondary education during the first year
of education. In other words, students who do not
have clear goals and strategies, positive academic
experience, strong social skills, and high levels of
social integration are most likely to depart post-
secondary education during the first year. If they
persist after the first year, the chance of departing
decreases with a high margin.
In order to compare the number of graduated
and departed students with different levels of non-
cognitive factors together in two separate graphs,
an experiment in which the level of all factors can
change in an interval of (0.1,1) with steps of 0.1
is performed. This enables us to extract a plot for
the total number of graduated (i.e., all green lines
of four year at college from Figure 4 in one single
plot) and departed students with different levels of
factors. Figure 5 shows the graphs of the number
of graduated and departed deaf students with fixed
three non-cognitive factors at level 0.5 and varying
one factor in an interval of (0.1,1) with steps of
0.1 during four years of post-secondary education.
Different colored lines show the line plot for the
assigned factor for them that is changing. As Figure
5b shows, although by increasing the level of factors
the total number of departed students decreases, it
still does not merge to zero. This indicates that de-
spite the high levels of non-cognitive factors, some
students may still depart college due to other factors,
issues, or concerns. Furthermore, considering low
levels of academic experience and social integration,
the total number of departed students are noticeably
more than other factors, while in contrast, with high
levels of goal and social skill, the total number
of departed students are noticeably decreased. This
illustrates the importance of academic experience
and social integration in low margins and strong
goals and social skill in high margins when a student
decides whether to depart college or not.
The results of the sensitivity analysis for each
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(a) Boxplot of the results of the behavior space experi-
ment for goal factor
(b) Boxplot of the results of the behavior space experi-
ment for academic experience factor
(c) Boxplot of the results of the behavior space experi-
ment for social skill factor
(d) Boxplot of the results of the behavior space experi-
ment for social integration factor
Fig. 6: Boxplots of the results of the behavior space experiment for the four non-cognitive factors of goal,
academic experience, social skill, and social integration. Each graph shows the result of the behavior
search for one factor changing from interval of (0,1) with steps of 0.1. To run the experiment for one
factor, all other three factors are assigned the value of 0.5.
individual non-cognitive factor can be seen in Figure
6. The +- 10% range is illustrated using error bars
while the boxplots represent the range of number of
departed students in ten repetitions of the model. Al-
though boxplot graphs of the four factors’ influence
are somewhat similar, it is apparent that the model is
highly sensitive to the academic experience factor.
In addition, as Figure 4 illustrates, the number of
departed students between year one to four is not
linear, and the slope decreases as the year increases.
To maximize the number of graduated students
as well as to minimize the total number of departed
students, we performed a behavior search experi-
ment using the proposed NetLogo model. Figure 7
shows the results of the behavior search experiment
for both aforementioned objectives. As the figure
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(a) Plot of ten different searches for maximizing the total number of departed students. Maximized fitness is achieved with
level 1 for goal, social skill, and social integration and level of 0.8 for academic integration.
(b) Plot of ten different searches for minimizing the total number of departed students. Minimized fitness is achieved with
level 1 for goal, social skill, and social integration, and level of 0.8 for academic integration.
Fig. 7: Result screens of running the Behavior Search tool on the proposed NetLogo model
illustrates, the best value for both objectives is
achieved by the value of 1 for goal, academic inte-
gration, and social integration factors, and value of
0.9 for social skill factor. The maximum number of
graduated students as well as the minimum number
of departed students based on the aforementioned
factor values are 88.700 and 86.3, respectively.
However, because we are counting the number of
persons, both values will be rounded up to 89 and
87. These results show that almost half of deaf
students decide to depart post-secondary education
before graduation.
IV. CONCLUSION
In this work, we study the effects of four non-
cognitive factors: having clear goals, social inte-
gration, social skills, and academic experience, on
post-secondary persistence or retention of deaf stu-
dents from an agent-based modeling (ABM) and
simulation approach. To the best of our knowl-
edge, we present the first ABM simulation for
the aforementioned problem in order to simulate
students retention behavior and discover the effects
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of non-cognitive factors in students persistence and
departure decisions. Our results indicate that first
year persistence at a 4-year post-secondary educa-
tion (e.g., university, college) plays an integral role
in student’s persistence and graduation. In other
words, if a student persists after the first year of
a post-secondary education, the chances of student
departure decreases with a high margin. In addition,
the best persistent rate of the model is achieved by
a social skill factor of 0.9 and other factors of 1. We
believe that presenting and creating ABM brought
significant benefits to studying deaf students’ depar-
ture decisions during post-secondary education.
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